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(57) ABSTRACT 

An orifice plate for use in a conduit through which fluid 
flows is defined by a central circular region having a radius 
R, and a ring-shaped region surrounding the central circular 
region. The ring-shaped region has holes formed there- 
through with those holes centered at each radius R thereof 
satisfying a relationship 

AR=al(XRVRb) 

where 
A, is a sum of areas of those holes having centers at radius 

X, is a flow coefficient at radius R, 
V, is a velocity of the fluid that is to flow through the 

conduit at radius R, 
b is a constant selected to make at least one process 

variable (associated with the fluid that is to flow 
through the conduit) approximately equal at each radius 
R, and 

a is a constant that is equal to (XRARVRb) at each radius 
R. 

R, 

26 Claims, 4 Drawing Sheets 
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BALANCED ORIFICE PLATE 

ORIGIN OF THE INVENTION 

The invention was made in part by an employee of the 
United States Government and may be manufactured and 
used by or for the Government of the United States of 
America for governmental purposes without the payment of 
any royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to flow control devices. More 

specifically, the invention is an orifice plate that, when 
inserted into the cross section of a fluid flow, balances or 
equalizes one or more process variables associated with the 
flow across the surface of the plate. 

2. Description of the Related Art 
There are numerous applications utilizing fluid flow in a 

conduit where one or more process variables associated with 
a fluid flow (e.g., pressure, temperature, mass flow, etc.) 
must be modified or measured. Accordingly, a variety of 
orifice plates have been developed for use as flowmeters, 
flow controllers, flow limiters, or simply for use as flow 
conditioners. Flow conditioners can also be used to modify 
the flow in a way suitable for process variable measure- 
ments. Three prior art orifice plate designs are disclosed in 
U.S. Pat. Nos. 5,295,397, 5,341,848 and 5,529,093, each of 
which will be described briefly below. 

U S .  Pat. No. 5,295,397 issued to Hall et al. discloses a 
slotted orifice flowmeter having an orifice plate that is 
transversely installed in a conduit through which a fluid 
flows. Uniform width and area slotted holes are arranged in 
concentric zones. The number of slots in a zone is propor- 
tional to the area occupied by the zone relative to the total 
plate area. 

U.S. Pat. No. 5,341,848 issued to Laws discloses a flow 
conditioner (i.e., orifice plate) having a plurality of circular 
holes formed therethrough. The holes are arranged in a 
plurality of radially spaced circular arrays around a center 
hole. The holes in each circular array are equally spaced and 
are distributed around the center of the plate with all holes 
in any one circular array having the same diameter. The size 
and number of holes are such that the impedance to flow 
presented by the plate increases with the radius on which a 
given array of holes is arranged in order to match the 
velocity profile associated with fully developed fluid flow. 

U.S. Pat. No. 5,529,093 issued to Gallagher et al. dis- 
closes a flow conditioner (i.e., orifice plate) that, similar to 
Laws, has a plurality of circular holes formed therethrough. 
The holes are arranged in zones to include a central zone and 
ring-shaped zones that are concentrically disposed about the 
central zone. Fixed ratios define hole area on a zone-to-zone 
basis. The goal of this design is to have a fully developed 
turbulence structure and velocity in the fluid. 

None of the prior art teach an orifice plate designed to 
equalize or balance one or more process variables across the 
entirety of the plate’s surface area. In general, the variation 
of a process variable across an orifice plate’s surface intro- 
duces inefficiencies in a fluid flow. For example, prior art 
orifice plates generally experience fairly large pressure 
losses as a fluid flows from one side of the plate to the other. 
Unfortunately, the typical way of dealing with such large 
pressure losses is to use larger and more expensive fluid 
pumps. Also, pressure potential in prior art orifice plates is 
generally consumed by eddy turbulence that is random and 

2 
chaotic. These eddy formations about the orifice plate reduce 
linearity and repeatability of any process variable measure- 
ments thereby causing a reduction in measurement accuracy. 
Reduced measurement accuracy leads to processes that are 

5 highly variable which, in turn, increases process costs due to 
greater equipment operational margins that must be main- 
tained. However, if pressure can be equalized or balanced 
across the surface area of an orifice plate, the random and 
chaotic eddy formations are greatly reduced. Thus, by bal- 

io ancing the flow with respect to the measured process vari- 
able, the accuracy of process variable measurement is 
improved while the costs of taking such measurements is 
reduced. 

15 SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide an orifice plate for installation in a conduit where 
one process variable associated with a fluid flow passing 

20 through the orifice plate is balanced across the surface of the 
orifice plate or multiple process variables are set to an 
optimal balance across the surface of the orifice plate. 

Other objects and advantages of the present invention will 
become more obvious hereinafter in the specification and 

In accordance with the present invention, an orifice plate 
adapted to be positioned in a conduit and extend across a 
transverse cross-section thereof. The plate is defined by a 
central circular region having a radius R, and a ring-shaped 

30 region surrounding the central circular region. The ring- 
shaped region has a plurality of holes formed therethrough 
with those holes centered at each radius R of the ring-shaped 
region satisfying a relationship 

25 drawings. 

AR=al(XRVRb) 
35 

where 
A, is a sum of areas of those holes having centers at radius 

X, is a flow coefficient at radius R, 
V, is a velocity of the fluid that is to flow through the 

conduit at radius R, 
b is a constant selected to make at least one process 

variable (associated with the fluid that is to flow 
through the conduit) approximately equal at each radius 
R, and 

a is a constant that is equal to (X,A,VRb) at each radius 
R. 

R, 
40 

45 

5o BRIEF DESCRIPTION OF THE DRAWING@) 

Other objects, features and advantages of the present 
invention will become apparent upon reference to the fol- 
lowing description of the preferred embodiments and to the 

55 drawings, wherein corresponding reference characters indi- 
cate corresponding parts throughout the several views of the 
drawings and wherein: 

FIG. 1 is a side view of a conduit having an orifice plate 
installed therein in a typical installation configuration; 

FIG. 2A is a planar view of an embodiment of an orifice 
plate in accordance with the present invention illustrating 
the general construction thereof for use in a conduit having 
a circular cross-section; 

FIG. 2B is a planar view of another embodiment of an 
65 orifice plate of the present invention illustrating the general 

construction thereof for use in a conduit having a rectangular 
cross-section; 

60 
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FIG. 2C is an enlarged planar view of a portion of an therefore, does not require special piping, instrumentation, 
orifice plate of the present invention illustrating a single hole or calculation method changes. 
in the plate’s central circular region; Referring now to the drawings, and more particularly to 
FIG. 2D is an enlarged planar view of a portion of an FIG. 1, a typical installation configuration using the orifice 

orifice plate of the present invention illustrating multiple plate of the present invention is shown. As mentioned above, 
holes in the plate’s central circular region; the orifice plate described herein can be used to simply 

FIG. 3A is a planar view of one embodiment of an orifice condition a fluid flow or can be used as part of a flowmeter 
plate according to the present invention having discrete designed to measure one or more process variables associ- 
circular holes that are radially aligned in the plate’s balanced 1o ated with a fluid flow. The term “fluid” as used herein refers 
flow region; to any flowable substance to include vapors or gas, homog- 

orifice plate according to the present invention having In FIG. 1, a conduit 10 is joined at 12 by means of flanges 
discrete circular holes that are radially misaligned in the 14 and 16. Such conduits and joining thereof are well known 
plate’s balanced flow region; 15 in the art and are not limitations of the present invention. 

FIG. 3c is a planar view of yet another embodiment of an Fixed between flanges 14 and 16 is an orifice plate 18 that 
orifice plate according to the present invention having Controls a flow (represented by arrow 20) of a fluid moving 
discrete circular holes where the holes on one radius par- through conduit 10. Orifice plate 18 is thus positioned in 
tially overlap the holes of an adjacent radius in the plate’s flow 20 and is typically transverse or perpendicular to flow 
balanced flow region; 
FIG. 4 is a planar view of another embodiment of an Orifice plate 18 can be sizedshaped to work with any 

orifice plate according to the present invention having sizehhape of conduit 10. For example, as shown in FIG. 2A, 
discrete arc-shaped slots in the plate’s balanced flow region; orifice plate 18 can be circular for installation in a cylindrical 
FIG. 5A is a planar view of one embodiment of an orifice 25 conduit. FIG. 2B illustrates that orifice plate 18 could be 

plate according to the present invention having V-shaped rectangular for installation in a rectangular conduit. In either 
holes that extend continuously across the plate’s balanced case, orifice plate 18 includes a peripheral mounting region 
flow region; 18A that is captured between flanges 1 4  and 16. Each orifice 
FIG. 5B is a planar view of another embodiment of an plate 18 also has a central circular region 18B having a 

orifice plate according to the present invention having 30 radius R,, and a balanced flow region 18C that starts at the 
geometrically expanding holes that extend continuously perimeter of central circular region 18B and ends at a 
across the plate’s balanced flow region; perimeter defined by dashed lines 18D. Perimeter 18D is 
FIG. 6A is a cross-sectional view of a portion of an orifice commensurate with the inner boundary of conduit 10. The 

plate illustrating a hole-to-plate surface interface that forms present invention’s through-hole area-distribution (not 
a right angle; 35 shown in FIGS. 2A and 2B) is formed in balanced flow 

FIG. 3B is a planar view of another embodiment of an Or non-homogenous liquids and 

2o 20 as is known in the art. 

FIG. 6B is a cross-sectional view of a portion of another 
orifice plate illustrating a hole-to-plate Surface interface that 
is beveled; and 

which its holes are aligned parallel to the conduit’s longi- 
tudinal axis. 

region 18C. 
The configuration of central circular region 18B is not a 

limitation of the present invention. Accordingly, central 
FIG. 7 is a cross-sectional view of an orifice plate in 4o circular region 18B can be solid (Le., no holes) as illustrated 

in FIGS. 2A and 2B. However, central circular region 18B 
can also have a single hole 19 of radius R,, where R,SR,, 
formed therethrough as shown in FIG. 2C. Still further, 
central circular region 18B can have multiple holes (e.g., 

45 holes 19A, 19B and 19C) formed therethrough as shown in 
FIG. 2D. 

In accordance with the present invention, an orifice plate’s 
through-hole area-distribution for balanced flow region 18C 
follows or satisfies the general relationship 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT( S) 

The present invention is an improved orifice plate. As 
used herein, the term “orifice plate” includes any structural 
element (e.g., plate, disk, block, etc.) having a hole pattern 
formed therethrough that is to be installed in a fluid flow 50 

While the orifice plate can be used in a flowmeter, it could 
also be used simply as a flow conditioner designed to modify 
a fluid flow in some fashion, e.g., straighten a flow, reduce the sum of hole areas ~ f e r e n c e d  to a radius R 
noise associated with a flow, reduce vibration associated 55 Originating at the center Of central circular region 18B and 
with a flow, etc. 

x~ is a flow coefficient at radius R that is equal to (PK)R 

such that the fluid passes through the element’s hole pattern. AR=aI(XRVRb) (1) 

in general7 

terminating within balanced flow region 18C; 
In terms of using the orifice plate in a flowmeter, the 

present invention provides for more accurate process vari- where P R  is a density of a fluid that is to flow through conduit 
able measurements and reduces Costs associated with mn- 10 at radius R, and K R  iS a flow Correction factor associated 
ning such a process. The orifice plate of the present inven- 60 with one of the fluid’s momentum, kinetic energy, energy 
tion reduces eddies, turbulent shear and fluid-flow Stresses density, VOlUmebiC flow, mass flow, etc., for the fluid that is 
that otherwise contribute to pressure loss, noise, and other to flow through ~ n d u i t  10 at radius R, 
inefficiencies. Accordingly, the orifice plate of the present V, is a velocity of the fluid that is to flow through conduit 
invention provides several advantages over the prior art to 10 at radius R where the velocity follows a known distri- 
include improved repeatability, linearity, and reduction of 65 bution function that is based upon factors to include the 
pressure loss. The orifice plate is also compatible with particular fluid at issue, conduit sizekhape, etc., as is known 
existing fittings and current measurement systems and, in the art, 
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b is a constant selected to make at least one process 

variable (that is associated with the fluid that is to flow 
through conduit 10) equal or “balanced” at each radius R 
where b can be any value, but typically ranges from -5 to +5 
(e.g., b typically is 1 when balancing mass, b is typically 2 5 
when balancing momentum or velocity head although a 
different flow correction factor K may be used in each case, 
etc.), and 

a is a constant that is equal to (X,ARVRb) at each radius 
R. 10 

Based on the velocity of the fluid flow, the flow coefficient 
X, can be a constant or can vary across the surface of the 
orifice plate. Specifically, the X, factor is variable when the 
change in the X, product (i.e., (pK),) varies by more than 
some prescribed upper limit across the different regions of 15 
the orifice plate. 

For cases where only one process variable is of concern, 
the constant b is selected to equalize or balance the process 
variable at each radius of the orifice plate. For cases where 
more than one process variable is of concern, the value for 20 
b is selected such that the equalization or balancing of the 
process variables across the balanced flow region of the 
orifice plate is optimized for the process variables of con- 
cern. That is, compromises may be made in terms of an 
individual process variable’s absolute equalization in order 
to optimize the balancing of all the process variables of 
concern. As a result, the balancing of multiple process 
variables in accordance with the present invention will 
generally achieve an approximate equalization of each pro- 
cess variable across the balanced flow region of the orifice 
plate. 

The sum of hole areas A, is defined differently depending 
on the structure of the hole pattern which, in general falls 
into two different categories. The first category refers to 
holes (e.g., circular holes, slotted holes in the shape of an arc 
of a circle) having their centers located on a radius R. That 
is, the holes are discrete holes formed in balanced flow 
region 18C. The second category refers to the area of all 
holes that are defined just at a radius R where each such hole 
extends continuously from the perimeter of central circular 
region 18B to perimeter 18D. Examples of each category 
will be provided herein. 

Regardless of the category of hole pattern structure, the 
ratio of total orifice flow area ATora, provided by orifice plate 
18 to the conduit’s flow area Aplpe may be determined from 
the following well known orifice equations, 

AT,,,JAp~p==(l+Q)-1’2 (2)  

and 

Q = ~ G , P ~ ~ C , Y A , , ~ M ) ’  (3) 

where 
G, is Newton’s conversion constant, 
p is the fluid density, 
AP is the differential pressure measured across the orifice 

C, is the orifice plate coefficient, 
Y is an expansion factor typically applied to compressible 

M is the mass flow rate. 

plate, 

fluids, and 

Equations ( 2 )  and (3 )  are straightforward derivations from 
the orifice met,r equatioi,s described in detail by McCabe et 
al. in “Unit Operations of Chemical Engineering, Fifth 
Edition,” McGraw-Hill, Inc., New York, 1983, p. 222, the 
contents of which are hereby incorporated by reference. 

25 

30 

35 

40 

45 

50 

55 

Using the total orifice flow area A,,,, the sum of the 

ATOTAL-ARO=AR,+A~+ . . (4) 

orifice areas of balanced flow region 18C is specified by 

where 
ARo is (i) zero when there is no hole in central circular 

region 18B, (ii) 27rRO when there is a single hole of 
radius R,, in central circular region 18B, and (iii) the 
sum of all areas associated with multiple holes in center 
circular region 18B. A single hole in central circular 
region 18B can have any radius up to and including R,,. 
The presence or absence of a hole or holes in circular 
central region 18B is not a limitation of the present 
invention. 

FIGS. 3A-3C depict, in general, examples of orifice 
plates having hole pattern structures in balanced flow region 
18C in accordance with the first category described above. 
That is, the examples are not necessarily representative of 
specific examples, but rather are illustrative of general hole 
positioning on a radius-to-radius basis. Each of these 
examples is based on the use of circular holes 30. The 
diameters of the holes on a particular radius are the same, but 
need not be the same provided the constraints defined in 
equation (1) are satisfied. In general, there could be any 
number of shape of holes provided equation ( 1 )  is satisfied. 
By way of example, the diameter D, for uniform circular 
discrete holes centered on a given plate radius R, can be 
determined by the following relationship 

D , = 2 ( A , f l ~ ) ’ ~  (5) 

where 
A,, is the area of all holes centered on radius Ri, and 
N is the preferred number of holes to be centered on 

In HG. 3A, the centers of holes 30 on each radius R are 
aligned with the centers of holes 30 of the other radii. In FIG. 
3B, the centers of the holes 30 on each radius R are 
misaligned with respect to the centers of holes on adjacent 
radii. In each of FIGS. 3A and 3B, there is no overlap 
between holes centered on adjacent radii. However, in FIG. 
3C, there is some overlap between holes 30 centered on 
adjacent radii. 

FIG. 4 illustrates another example of a discrete hole, first 
category type of hole pattern structure where each hole in an 
arc-shaped slot 32 centered on a radius R. By way of 
example, each slot 32 has rounded (Le., half circle) ends 
having a circular diameter D and a slot width of D. For a slot 
32 centered on a radius R,, the slot width D, is determined 
as follows 

Dn=(-aR,/90)+{ (32400*AR,+~R,2rrS) / (81~S) } /”*  (6) 

radius R,. 

where 
a=360/2S, 
S is the number of slots on a given radius R,, and 
A,, is the combined area of all the slots centered on radius 

The slots on a given radius can be equally or unequally 

Ri. 

60 spaced without departing from the scope of the present 
invention. Similar to the circular hole examples described 
above, slots on adjacent radii can be aligned or misaligned. 
Still further, the slots can be of different sizes or shapes 
provided they satisfy equation (1) above. 

FIGS. 5A and 5B illustrate examples of orifice plates 
having hole pattern structures in balance flow region 18C in 
accordance with the above-described second category of 

65 
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each structures. Accordingly, each of the examples is based 
on the use of holes that extend continuously from central 
circular region 18B out to positions that are at or near 
perimeter 18D of balanced flow region 18C. Once again, the 
examples are not necessarily representative of specific 
examples, but rather are illustrative of general hole shape/ 
positioning. For each example, each of holes 34 increases in 
area with increases in radial distance from central circular 
region 18B. For each example, the radian angle S, at a radius 
R, can be determined from the following relationship 

S,= (A~,I(ZR;r-hR)+A~~,+,)/(zR~,+hff)ll2Nhff (7) 

where 
AR is the change in radial distance from R, to R,,, and 
N is the preferred number of holes 34 to be formed in 

orifice plate 18. It is to be understood that other approaches 
can be used to determine radian angle Si without departing 
from the scope of the present invention. In FIG. 5A, holes 
34 are V-shaped while holes 34 expand geometrically in the 
embodiment shown in FIG. 5B. 

As mentioned above, the orifice plate of the present 
invention can be used “as is” to simply condition a flow. 
However, the orifice plate can also be ‘‘instrumented*‘ with 
one or more sensors for measuring process variables across 
the orifice plate. That is, radially-extending holes can be 
drilled into the orifice plate to a hole that is to be instru- 
mented with a sensor of choice which will be mounted flush 
with the sidewall of a hole. In this way, measurement 
hardware is kept completely out of the flow field. Note that 
traditional measurement schemes can also be used where 
measurements are made upstream and downstream of the 
orifice plate. 

Regardless of the hole shape or size, the hole-to-plate 

a 
therefore to be understood that, within the scope of the 
appended claims, the invention may be practiced other than 
as specifically described. 

What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 

1. An orifice plate comprising: 
a plate adapted to be positioned in a conduit and extend 

across a transverse cross-section thereof, said plate 
defined by a central circular region having a radius R, 
and a ring-shaped region surrounding said central cir- 
cular region, 

said ring-shaped region having a plurality of holes formed 
therethrough with ones of said plurality of holes cen- 
tered at each radius R of said ring-shaped region 
satisfying a radius-independent, flow-based relation- 

AR=al(XRVRb) 

lo 

l5 

ship 

where 
2o A, is a sum of areas of said ones of said plurality of holes 

having centers at said radius R, 
X, is a flow coefficient at said radius R that is equal to 

(pK), where p R  is a density of a fluid that is to flow 
through the conduit at said radius R and K, is a flow 
correction factor associated with the fluid that is to flow 
through the conduit at said radius R, 

V, is a velocity of the fluid that is to flow through the 
conduit at said radius R, 

b is a constant selected to make at least one process 
variable, associated with the fluid that is to flow 
through the conduit, approximately equal at each said 
radius R, and 

a is a constant that is equal to (XRA,VRb) at each said 

2. An orifice plate as in claim 1 wherein each of said 

25 

3o 

35 radius R. 

surface interface Can be sharply defined by a right angle as 
shown in FIG. 6A where a portion of an orifice plate 18 is 
shown with the plate’s surfaces referenced at 185 and hole 
30 cut therethrough. However, each hole-to-plate surface 4o longitudinal =is of the conduit. 
interface could also be beveled at 30A as shown in I?IG. 6B. 

be forined at One Or both (as shown) circular region has at least one circular hole formed there- 
surfaces 18s. through. 
In addition, a hole’s longitudinal axis (in the Case Of first 5. An orifice plate as in claim 4 wherein said at least one 

Category discrete holes) O r  thoWh-the-hole axis (in the case 45 circular hole comprises a single circular hole having a radius 
of second category continuous holes) are typically parallel to 
the conduit’s longitudinal axis. For example, FIG. 7 i b S -  6. An orifice plate as in claim 1 wherein each of said 
trates holes 30 having a longitudinal axis 31 that is parallel 
to a longitudinal axis 11 of conduit 10. 7. An orifice plate as in claim 1 wherein each of said 

The holes in the orifice plate are easily sized and distributed 8. An orifice plate comprising: 
in a Variety of Ways to balance (across the balance flow a plate adapted to be fixedly positioned in a conduit and 
region of the plate) process variable(s) associated with a extend across a transverse cross-section thereof that is 
fluid flow. When compared with traditional orifice plates, the circular, said plate defined by a central circular region 
benefits of the present invention include improved measure- 55 having a radius R, and a ring-shaped region surround- 
ment accuracy, better pressure recovery and lower noise ing said central circular region, said ring-shaped region 
generation. Further, the present invention provides a reduced having an inner radius R,,=R, and an outer radius R,,,, 
Permanent Pressure loss from One Side of the Plate to the said ring-shaped region having a plurality of holes formed 
other side of the plate. As a result, fluids pumped through the therethrough with ones of said plurality of holes cen- 
orifice plate of the present invention require less Pump 60 tered at each radius R, R,,,<R<R,,,, of said ring-shaped 
energy as compared to prior art orifice plates. The present region satisfying a radius-independent, flow-based 
invention can be designed for and used in a wide variety of relationship 
fluid flow applications. 

Although the invention has been described relative to a 
specific embodiment thereof, there are numerous variations 65 where 
and modifications that will be readily apparent to those 
skilled in the art in light of the above teachings. It is 

plurality of holes is beveled at each surface of said plate. 
1 wherein each of said 

plurality of holes has a longitudinal =is that is parallel to a 

plate as in claim 1 wherein said central 

3. plate as in 

4. 
Such beveling 

R, wherein R,gR,. 

plurality of holes is circular. 

The advantages of the present invention are numerous. 50 plurality of holes is an arc-shaped slot. 

AR=a/(XRVRb) 

A, is a sum of areas of said ones of said plurality of holes 
having centers at said radius R, 
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X, is a flow coefficient at said radius R that is equal to 
(pK), where pR is a density of a fluid that is to flow 
through the conduit at said radius R and K, is a flow 
correction factor associated with the fluid that is to flow 
through the conduit at said radius R, 

V, is a velocity of the fluid that is to flow through the 
conduit at said radius R, 

b is a constant selected to make at least one process 
variable, associated with the fluid that is to flow 
through the conduit, approximately equal at each said 
radius R, and 

a is a constant that is equal to (X,A,VRb) at each said 
radius R. 

9. An orifice plate as in claim 8 wherein each of said 
plurality of holes is beveled at each surface of said plate. 

10. An orifice plate as in claim 8 wherein each of said 
plurality of holes has a longitudinal axis that is parallel to a 
longitudinal axis of the conduit. 

11. An orifice plate as in claim 8 wherein said central 
circular region has at least one circular hole formed there- 
through. 

12. An orifice plate as in claim 11 wherein said at least one 
circular hole comprises a single circular hole having a radius 

wherein R,SR,. 
13. An orifice plate as in claim 8 wherein each of said 

14. An orifice plate as in claim 8 wherein each of said 

15. An orifice plate comprising: 
a plate adapted to be positioned in a conduit and extend 

across a transverse cross-section thereof, said plate 
defined by a central circular region having a radius R, 
and a ring-shaped region surrounding said central cir- 
cular region, 

said ring-shaped region having a plurality of holes formed 
therethrough with said plurality of holes at each radius 
R of said ring-shaped region satisfying a radius-inde- 
pendent, flow-based relationship 

plurality of holes is circular. 

plurality of holes is an arc-shaped slot. 

AR=al(XRVRb) 

where 
A, is a sum of areas defined by said plurality of holes at 

said radius R, 
X, is a flow coefficient at said radius R that is equal to 

(pK), where p R  is a density of a fluid that is to flow 
through the conduit at said radius R and K, is a flow 
correction factor associated with the fluid that is to flow 
through the conduit at said radius R, 

V, is a velocity of the fluid that is to flow through the 
conduit at said radius R, 

b is a constant selected to make at least one process 
variable, associated with the fluid that is to flow 
through the conduit, approximately equal at each said 
radius R, and 

a is a constant that is equal to (X,A,VRb) at each said 
radius R. 

16. An orifice plate as in claim 15 wherein each of said 
plurality of holes is beveled at each surface of said plate. 

17. An orifice plate as in claim 15 wherein each of said 
plurality of holes has an axis extending through said plate 
that is parallel to a longitudinal axis of the conduit. 
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18. An orifice plate as in claim 15 wherein said central 

circular region has at least one circular hole formed there- 
through. 

19. An orifice plate as in claim 18 wherein said at least one 
circular hole comprises a single circular hole having a radius 
R, wherein R,SR,. 

20. An orifice plate as in claim 15 wherein each of said 
plurality of holes extends continuously from said radius R,, 

10 and wherein each of said plurality of holes increases in area 
with increases in said radius R. 

21. An orifice plate comprising: 
a plate adapted to be fixedly positioned in a conduit and 

extend across a transverse cross-section thereof that is 
circular, said plate defined by a central circular region 
having a radius R, and a ring-shaped region surround- 
ing said central circular region, said ring-shaped region 
having an inner radius R,,=R, and an outer radius R,,,, 

said ring-shaped region having a plurality of holes formed 
therethrough with said plurality of holes at each radius 
R, R,,,<R<R,,,, of said ring-shaped region satisfying a 
radius-independent, flow-based relationship 

l5 

20 

25 AR=al(XRVRb) 

where 

30 

35 

40 

45 

50 

55 

A, is a sum of areas defined by said plurality of holes at 
said radius R, 

X, is a flow coefficient at said radius R that is equal to 
(pK), where pR is a density of a fluid that is to flow 
through the conduit at said radius R and K, is a flow 
correction factor associated with the fluid that is to flow 
through the conduit at said radius R, 

V, is a velocity of the fluid that is to flow through the 
conduit at said radius R, 

b is a constant selected to make at least one process 
variable, associated with the fluid that is to flow 
through the conduit, approximately equal at each said 
radius R, and 

a is a constant that is equal to (X,A,VRb) at each said 
radius R. 

22. An orifice plate as in claim 21 wherein each of said 
plurality of holes is beveled at each surface of said plate. 

23. An orifice plate as in claim 21 wherein each of said 
plurality of holes has an axis extending through said plate 
that is parallel to a longitudinal axis of the conduit. 

24. An orifice plate as in claim 21 wherein said central 
circular region has at least one circular hole formed there- 
through. 

25. An orifice plate as in claim 24 wherein said at least one 
circular hole comprises a single circular hole having a radius 
R, wherein R,SR,. 

26. An orifice plate as in claim 21 wherein each of said 
plurality of holes extends continuously from said radius R,, 
and wherein each of said plurality of holes increases in area 
with increases in said radius R. 

* * * * *  


